Abstract. Human activities have shaped significantly the state of terrestrial ecosystems throughout the world. One of the most direct manifestations of human activity within the biosphere has been the conversion of natural ecosystems to croplands. In this study, we present an analysis of the geographic distribution and spatial extent of permanent croplands. This analysis represents the area in permanent croplands during the early 1990s for each grid cell on a global 5 min (-10 km) resolution latitude-longitude grid. To create this data set, we have combined a satellitederived land cover data set with a variety of national and subnational agricultural inventory data. A simple calibration algorithm was used so that the spatial land cover data were generally consistent with nonspatial agricultural inventory data. The spatial distribution of croplands represented in this analysis presents a quantitative depiction of global agricultural geography. The regions of the world known to have intense cultivation (e.g., the North American corn belt, the European wheat-corn belt, the Ganges floodplain, and eastern China) are clearly portrayed in this analysis. It also captures the less intensely cultivated regions of the world, usually surrounding the regions mentioned above, and regions characterized by subsistence agriculture (e.g., Sahelian Africa). Data generated from this kind of analysis can be used within global climate models and global ecosystem models to assess the importance of permanent croplands on environmental processes. In particular, these data, combined with models, could help evaluate the role of changing land cover on regional climate and carbon cycling. Future efforts will need to concentrate on other land use systems, including pastures and regions of shifting cultivation. Furthermore, land use and land cover data must be extended to include an historical dimension so as to evaluate the changing state of the biosphere over time.
Although land use and land cover change may be an important driver of global environmental change, the extent and nature of global land use practices are still poorly characterized. While there are many sources of agricultural inventory data at the national and subnational levels (e.g., total area in croplands for a particular country), these do not provide sufficiently detailed geographic descriptions of land use practices. In addition, a number of detailed global land cover maps now exist, but only a few of them explicitly consider land that is under human management. Even when this has been done, as in the case of the Matthews [1983] data set, the nature and spatial extent of land use within a region is not specified explicitly.
Here we present an analysis of global land cover that attempts to characterize the geographic patterns of croplands throughout the world. Our analysis links a newly derived satellite-based 1 km land cover data set with a variety of international agricultural inventory statistics in order to create a high-resolution, geographically explicit data set of croplands at the global scale. This data set represents the state of global croplands during the early 1990s by effectively combining non-spatial statistics data (e.g., agricultural inventories for each country) with spatial land cover maps.
Global Land Cover Data set
Remotely sensed imagery can provide a temporally and spatially consistent representation of Earth's land surfaces. During the last decade, a few authors have tried to characterize land cover at continental and global scales using remotely sensed data. Most of these studies have analyzed the phenological behavior of the landscape (e.g., evergreen versus deciduous leaf habit, dates of leaf display, and senescence) to discriminate between different vegetation types. The validation of the DISCover data set, which is being coordinated through the IGBP-DIS, is still in progress. At this stage, we must consider version 1.2 of DISCover a prototype data set. However, despite this important limitation, the DISCover data set represents a state-of-the-art characterization of global land cover.
Methods
The DISCover data set, which has a nominal resolution of 1 km, provides ample information about the location of pixels containing croplands. However, it is desirable to have a continuous description of crop cover fraction, rather than just a Boolean representation indicating which grid cells contain agricultural land use and which do not. In this study, we have converted the Boolean representation of the DISCover data to a more continuous representation by assigning fractional crop cover values to each 1 km label, determined by calibration against national and subnational agricultural inventory data. We have further aggregated the DISCover data set into a 5 min (roughly 10 km) resolution global data set of fractional cropland cover.
Here we focus only on permanent croplands, which are defined as arable lands (including cropland harvested, crop failure, land lying fallow or idle temporarily, and cropland used temporarily for pasture) and lands under permanent crops (such as cocoa, coffee, rubber, etc., including all tree crops except those grown for wood or timber). Other land use systems, including pastures, plantations, and regions of shifting cultivation, are not explicitly considered in the present study. (Table 1) . A more complete collection of agricultural inventory data, including subnational data for all the large countries of the world, would be ideal. However, to our knowledge, no such data set has been compiled at this time.
To combine the inventory data sets with the 1 km land cover maps, we calibrated the six labels denoting the degree of crop cover against the inventory data for each political unit. In this procedure, we assumed that each of the six labels could have any fractional crop cover value ranging fi'om 0.05 to 1.0, except for the label "crops" which was assigned a value of 1.0 and the label "other vegetation" which was assigned a value of 0.0. Although we allowed categories to take on the same values, we did not allow categories to switch their order; for instance, "other vegetation with crops" could not have a fractional value higher than "crop/other vegetation mosaic." Next, we stepped through all possible combinations of fi'actional cover (in steps of 0.05) and calculated the aggregate area of croplands over each political unit for which inventory data are available. The total amount of cropland for each political unit was compared to agricultural inventory data using a simple linear regression. Finally, we selected that set of fractional cover parameters which yielded the best correlation coefficient when restricting the slopes to range from 0.9 to 1.1.
(Nigeria was a significant outlier in Africa, and we left it out of the calibration. In Eurasia, the Russian Federation, which has a crop area an order of magnitude larger than the other countries, dominated the solution. Hence we left out Russia during the calibration.) Table 2 and Figure 1 show the results of the calibration procedure. There may be more than one way to achieve this calibration process. At this point, sufficient information on the quality of the source data sets is not available to make an informed decision on the best method to chose. However, having chosen a method of calibration, our final solution is not sensitive to the calibration procedure (i.e., the second best, third best, fourth best, etc. solutions have combinations of fractional values which are close to the chosen best solution). This can be at- tributed to the fact that, in general, the six categories are found in clusters and not randomly distributed among each other.
The calibration procedure was performed separately for each continent because the original DISCover data was produced separately for each continent. Finally, we aggregated the 1 km resolution fractional cover maps into a 5 min resolution grid using a simple area-weighted averaging procedure.
Results
According to this analysis, about 18.0 million km 2 (13.8%
of the global land area, not counting Antarctica and Greenland) have been cleared for crops globally (Table 3 ). This estimate is in agreement with the 17.6 million km 2 estimated by Matthews [1983] . It is, however, larger than most other esti- Cropland area is given in 10 •2 m 2.
aThe total global land area does not include Antarctica and Overall, croplands are largely absent from regions of extremely dry or cold climates. For instance, croplands are not found in the subtropical deserts, high alpine regions, or highlatitude zones. However, there are a few interesting strips of cultivated points through the interior of the Sahara. It is highly unlikely that these points are real croplands. While we do not know the exact cause of these features, we speculate that they may be an artifact generated from the calibration of the original NDVI data. We also see some moderate-to high-intensity cultivation in the wheat and maize growing regions of Chile. The highest concentration of croplands in Chile are found between Temuco and Santiago. Some other regions of high-intensity cultivation are found in portions of western Colombia and Ecuador, which has a mixture of coffee, cacao, maize, potatoes, cassava, and sugarcane production. 
In the following paragraphs, we briefly discuss the spatial distribution of croplands for each continent (Plates la-le). Wherever possible, we have compared these maps to descriptions of what crops are grown in each region

Australia-Pacific Region
Plate 1 e shows that high densities of crop cover are mainly confined to southern Australia, Java, Sumatra, and the Philippines. Winter wheat is dominant in both the southeast and the southwest, followed by winter barley. Intensive fruit and grape cultivation is also prevalent in southeast Australia. New Zealand is characterized by dairying, and most of the cultivated land is in planted pastures. Fodder crops or roots are the main crops, followed by cereal grains (importantly wheat), peas, and orchards and vineyards, grown mainly on the Canterbury plains in the eastern part of the south island. Some maize is also grown in the north island. Paddy systems are dominant in Java and Sumatra and in Malaysia. The Philippines are characterized by plantation crops, coconuts, and rice. All the other data sets fail to represent the low-intensity cultivation in Siberia. In other regions, there is a general agreement between all the studies on the existence or absence of crop cover, although there might be differences in the intensity depicted. Some of the differences mentioned in the foregoing paragraph might be important for studying the ecological consequences of land use and land cover change. For instance, it will be misleading to believe that the Matthews and Olson data, which are characteristic of the 1970s, depict current land cover in South America because crop cover in Brazil has increased to a great extent in the last decade.
Comparison With Other Data Sets
Discussion
In this study, we have combined the DISCover land cover data set and agricultural inventory data to derive a geographically explicit data set of the amount of permanent croplands throughout the globe. Overall, it appears that the calibration of the DISCover data set against agricultural inventory data provides a reasonably accurate and quantitative depiction of croplands across the globe. The spatial distribution of croplands is consistent with our awareness of agricultural geography. It clearly portrays regions of the world that are known to have intensive cultivation (e.g., the North American corn belt, the European wheat-corn belt, the Ganges floodplain, and eastern China). In addition, it captures the less intensively cultivated regions of the world, including many regions characterized by subsistence agriculture.
However, there are several caveats. The quality of this analysis is contingent on the quality of the source data: the DISCover data set and the crop inventory data for political units. We will discuss these limitations in the following paragraphs, but we note here that as higher-quality source data sets become available in the future, we plan to redo our analysis to produce newer versions of the croplands data set.
The DISCover land cover data set is yet to be validated fully. Hence we will repeat this study when a new version of the DISCover data set is released after its validation phase. Some of the lessons learned from this study will be useful considerations for future versions of the DISCover data set. For example, there are issues such as the definitions of crop cover and the importance of distinguishing between permanent croplands and areas in shifting cultivation. Because the DISCover data set is a combination of satellite data and ancillary ground-based data, it is ideally suited for considering such distinctions.
The quality of the crop inventory data is the other possible source of error. The quality of national and subnational agricultural inventory data depend on the method of data collection in each country. Furthermore, the information content of the inventory data is influenced by the quality of documentation and reporting and the definitions used by each country for crop cover. Ultimately, it may be possible to alleviate this problem by using very high resolution satellite data to identify and monitor croplands. This analysis has some additional limitations due to possible inconsistencies in definition of croplands. Our definition of permanent croplands follows that used by most statistical agencies providing land cover inventory data, such as the FAO and USDA. However, the DISCover data is not likely to identify and classify as croplands, land that is lying fallow or cropland temporarily being used as pasture. Most inventory data provide only the total cropland areas, without separating them into cropland harvested, cropland in fallow, etc. Furthermore, although the DISCover data provide separate categories for regions of shifting cultivation (which were considered as "other vegetation"), it is likely that shifting cultivation was misclassified as permanent croplands in many instances. These issues will need to be addressed in future versions of the DISCover data set.
Conclusions
To assess the influence of human activities on the global environment, it is imperative to further develop spatially explicit data sets describing changes in land use and land cover and their associated biophysical and socioeconomic drivers. However, the study of human-environment interactions is often limited by the lack of accurate spatial information. In particular, most socioeconomic data (e.g., population, agricultural production, and trade statistics) are derived from surveys AND FOLEY: GLOBAL CROPLANDS DATA conducted within political boundaries, instead of the precise spatial coordinates used by biophysical data. To better document patterns of global land use and land cover change, it is necessary to integrate these two different sources of data: spatial data of land cover characteristics obtained fi'om satellite images and nonspatial data of socioeconomic measures. In this study, we have applied a simple technique for integrating socioeconomic data with biophysical descriptions of the land surface. The resulting data set portrays the global distribution of croplands in a way that is consistent with both agricultural inventory data and remotely sensed land cover maps. This croplands data set can be used directly within global climate models and global ecosystem models to assess the importance of land use on a variety of global environmental processes. For instance, it can be used within global climate models to evaluate the influence of land use on regional climate [e.g., Bonan, 1997], and this data set can be used within dynamic global biosphere models (e.g., Integrated Biosphere Simulator of Foley et al. [1996] ) to evaluate the influence of land use on net ecosystem production. Furthermore, land use and land cover data must be extended back in time.
Such historical land cover change data can be used within models to examine transient changes in climate and biogeochemical cycles.
It appears that socioeconomic data regarding human agricultural activity can be spatially distributed with the aid of remote sensing imagery. The technique of"spatializing" socioeconomic data presented here, while specifically applicable to land cover inventories, could also be also extended to other fields of study. Additional data sets, including spatially gridded data sets of grazing activity, irrigation, and trace gas emissions, would be extremely useful to the global change research community.
